Acanthamoeba is a genus of free-living amoebas distributed worldwide. Few studies have explored the interactions between these protozoa and their infecting giant virus, Acanthamoeba polyphaga mimivirus (APMV). Here we show that, once the amoebal encystment is triggered, trophozoites become significantly resistant to APMV. Otherwise, upon infection, APMV is able to interfere with the expression of a serine proteinase related to amoebal encystment and the encystment can no longer be triggered.
A
canthamoeba is a genus of free-living amoebas found in a variety of environments and distributed worldwide (1) (2) (3) . The life cycle of the amoebas involves two cellular forms: one that is metabolically active, known as the trophozoite form, and a dormant form, called the cyst, that is also responsible for promoting resistance in adverse environments (3) . In natural environments, members of Acanthamoeba spp. are hosts and reservoirs for many microorganisms, including pathogenic bacteria and yeasts (4) (5) (6) (7) . Recently, the study of members of the Acanthamoeba genus has gained increased attention since the description of them as natural hosts for viruses of the Mimiviridae family, which are among the largest and most complex viruses described to date (8) . Despite the recent interest in both organisms, there are few studies focusing on the interactions between Acanthamoeba spp. and the infecting mimivirus (9, 10) . Thus, the objective of this study was to analyze the interactions between Acanthamoeba spp. and Acanthamoeba polyphaga mimivirus (APMV) in response to encystment stimulation that may commonly happen in the natural environment.
First, we performed a one-step growth curve analysis to compare the levels of replication of APMV at the amoebal trophozoite and cyst stages. Acanthamoeba castellanii cells (ATCC 30234) were seeded on 24-well microplates (Corning Incorporated, Corning, NY) in phosphate-amoeba saline (PAS) at 10 5 cells per well. The cells (cysts or trophozoites) were then infected with APMV at a multiplicity of infection (MOI) of 10, collected at different time points, and titrated as described before (8) . All experiments were performed three times in triplicate. APMV was unable to infect cysts of A. castellanii, given that final viral titers remained close to the initial inoculum titer, revealing no viral replication (Fig. 1A) . On the other hand, when trophozoites were infected, the viral progeny titer increased about 2.5 logs (500-fold) 24 h postinfection and evident cytopathic effect was observed (Fig. 1A) . These results were confirmed by electron microscopy (12 h postinfection). APMV morphogenesis, including the presence of mature virions, was observed in trophozoites (Fig. 1B) , while no virions could be seen inside the cysts (Fig. 1C) .
Next, we investigated if the stimulation of encystment affects APMV infection of amoebas. Amoebal trophozoites were infected with APMV after being incubated in Neff saline solution (Neff) to trigger encystment. Trophozoites were transferred to 24-well microplates, at 10 5 cells per well in Neff saline solution, and then were infected with APMV (MOI 10 or 1) at different time points (from 3 to 48 h) after transference to encystment saline solution. Plates were incubated for 4 to 6 days at 32°C, the ratio of cysts/total cells was established, and the samples were titrated as described before. Even during the early times of encystment, when the amoebas were still at the trophozoite stage ( Fig. 2C ), APMV infection was hampered in Neff saline solution. No increase was observed in the viral titer, which remained similar to that of the original inoculum ( Fig. 2A) . The ratio of cysts/total cells at the end of the experiment showed that encystment occurred despite the presence of APMV, regardless of the MOI used (Fig. 2B) . Further, we analyzed the results of experiments conducted under inverse conditions, infecting Acanthamoeba trophozoites before proceeding with the encystment stimulation. In these experiments, trophozoites were transferred to 24-well-microplates, at 10 5 cells in 500 l of PAS per well, and infected with APMV at an MOI of 10 or 1. Two hours later, 500 l of 2ϫ Neff saline solution was added, followed by incubation at 32°C. From 4 to 72 h postinfection, the ratio of cysts/trophozoites was determined and the samples were titrated. The results showed that at every time point and MOI tested, APMV completed its infection cycle and prevented the encystment. Viral titers had increased about 1 to 2 logs at later time points compared to early time points (Fig. 3A) . The ratio of cysts/total cells showed that a low number of amoebas survived the infection to become encysted (Fig. 3B) An amoebal encystment-mediating subtilisin-like serine proteinase (EMSP) has been implicated as a direct participant in the encystment process in Acanthamoeba (11) . So, we decided to analyze its mRNA and protein expression during APMV infection of A. castellanii. For mRNA expression, A. castellanii cells were infected with APMV at an MOI of 1. In addition, we also infected amoeba cells with Serratia sp. and Cryptococcus gattii (strain L27/ 01), because of their ability to survive inside the amoeba even after phagocytosis (12) . The samples were then collected at different time points (from 1 to 72 h postinfection). Two uninfected con- trol groups were also included: amoebas grown in PAS and amoebas grown in Neff. For the protein expression analysis, A. castellanii cells were infected for 24 h with APMV (in PAS or in Neff) (MOI ϭ 5), Serratia sp., or Cryptococcus gattii as previously described, and total protein extracts were prepared. A Western blot assay was performed for detection of EMSP as previously described (11) . Our data show that APMV infection of A. castellanii cells promoted the reduction of EMPS mRNA and protein levels compared to those seen in cells infected by C. gattii or Serratia sp. or cultured in Neff encystment saline solution ( Fig. 3C and D) . Moreover, we observed that APMV prevented the expression of EMSP mRNA and protein even when APMV infection was carried out in Neff saline solution. Amoebal proteinases, including EMSP, are involved in diverse biological functions in amoebas such as host tissue destruction, pathogenesis, digestion of phagocytosed material, and encystment (11) . Therefore, by preventing EMPS expression, APMV can take advantage in natural environments by continuing its infection course without the interference of the encystment.
In conclusion, our work demonstrated the importance of the encystment process for the protection of Acanthamoeba populations against APMV infections. The encystment stimulation is sufficient to protect Acanthamoeba from viral infection, but only if received before the infection, and may represent an important barrier to APMV dissemination. It is a host-pathogen arms race: on the one hand, Acanthamoeba amoebas try to protect themselves from APMV infection by forming cysts, and on the other, APMV is able to evade the protective status of the Acanthamoeba cyst by preventing the expression of the amoebal EMSP involved in the encystment process in order to proceed with infection. Previous studies have described the inhibition of Acanthamoeba and Hartmannella encystation by Chlamydia-like and other amoebaassociated bacteria (13) . We believe that inhibition of encystation by bacteria or viruses may maintain the permissivity of populations of amoebas with respect to their pathogens and endosymbionts. We have just started to understand this unique and ancient host-pathogen interaction, and efforts are necessary to understand the viral and host factors involved in this process.
